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The  experiments  described  in  the  previous  paper  (1,  a)  indicate 
that  in  general  the  so  called  colony  "mutation,"  "Umwandlung," 
"dissociation,"  or  "transformation"  process,  as  it  occurs  in  mouse 
strains of B. enteritidis, is not of a  genetic nature, but is  a  reversible 
phenomenon, influenced by at least three factors:  temperature,  fluid- 
ity of medium, and presence of specific bacteriophage.  Further knowl- 
edge of the nature of the transformation process was sought by making 
a  comparison of the bacterial cells contained in the  smooth and the 
variant colonies. 
Appearance of Individual Cells during Early States of Multiplication. 
At the outset, single bacilli were examined during early multiplica- 
tion in order to  detect morphological differences in individual young 
cells taken from smooth, mucoid, and rough colonies. 
Reimann's technique  (2)  was employed.  2 or 3  drops  of melted agar were 
placed on a  sterile,  hollow ground  slide and allowed to cool.  Subsequently  a 
small loop of a suspension of ceils from a  given  colony,  diluted in sterile  0.85 
per cent salt, was placed  on the surface of the agar.  The dilution was so ad- 
justed that a loop contained 10 to 20 bacterial cells.  The preparation was then 
placed on a microscope stand and examined in a warm box with a dry objective 
at  a  magnification  of  690  diameters.  Aseptic  precautions  were  maintained 
throughout. 
Single  cells  from  smooth-susceptible,  smooth-resistant,  mucoid- 
susceptible,  mucoid-resistant,  and  rough-resistant  colonies  were  fol- 
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lowed  through  the  2,  4,  8,  16,  and  32  cell  stages.  Many  strains 
were  used,  but no  differences in cell morphology or behavior were de- 
tected.  In so far as we could determine, youngbacilli from the various 
colony types were indistinguishable: 
TABLE  I. 
Grow!h of Smooth and Variant Strains of 23. enteritidis in 23roth. 
Average bacterial count per cc. 
Incuba- 
tion time  I/3/26  1/3/26  1/3/26  I/6/26  1./6/26  1/6/26 
Smooth-  Mucoid-  Rough-  Smooth-  Mucoid-  Rough- 
susceptible  susceptible  resistant  resistant  resistant  resistant 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
24-26 
days 
103-11( 
286 
12 
21 
65 
216 
187C 
860C 
52,533 
380,000 
2,850,000 
16,033,333 
63,533,333 
940,000,000 
2,113,000 
9 
18 
32 
88 
56O 
3040 
13,000 
140,000 
390,000 
4,250,000 
19,270,000 
320,000,000 
48,200 
5 
8 
22 
127 
430 
3473 
10,000 
290,000 
595,000 
2,000,000 
216,000,000 
920,000,000 
3,520,000 
11 
8 
31 
178 
975 
6380 
35,400 
288,700 
1,260,000 
9,133,333 
43,300,000 
1,085,000,000 
1,920,000 
0 
14 
18 
30 
245 
1190 
11,093 
59,600 
443,000 
3,347,000 
18,900,000 
92,533,333 
1,470,000,000 
11 
12 
45 
191 
1540 
9800 
75,533 
582,000 
4,300,000 
1,5,800,000 
135,933,333 
1,370,000,000 
334,000 
0 
Dark-field illumination  and  staining  methods  likewise  failed  to  ex- 
hibit any distinguishing  characteristics. 
i A  somewhat similar  study  of  smooth  and  rough  cells  has  been  made  by 
Nutt  (3).  She found that "rough cultures showed the typical bending type of 
division,  producing at the end of the day, irregular masses with projecting angles. 
In the smooth cultures, the sliding divisions gave rise to the smooth, even masses 
typical of the smooth colony."  Apparently,  the emulsions used for seeding in 
these observations were not washed, but contained the metabolic products which 
accumulate during cell growth.  It is not impossible,  therefore, that unwashed 
cells do, at the outset, behave differently, whereas washed cells behave similarly 
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Rate of Multiplication  o/ Cells from Smooth and Variant Colonies. 
Tests  were  then  made  of  the  growth  rates  of  single  cell  bacterial 
cultures obtained from smooth and variant colonies. 
Experiment/.--Variant  colonies of Strain 3 were obtained from a  single cell 
smooth-susceptible  colony strain  by methods  outlined  in  the  preceding  paper 
(1,  a).  From  these  colonies,  single  cell  cultures  were  procured,  according to 
Reimann's technique  (2).  These variant strains were transferred  to stock agar 
slants and tested carefully for type purity before use. 
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Growth of single cell cultures of B. enteritidis in broth.  Smooth-  TExT-FIG.  1. 
resistant,  mucoid-resistant, and rough-resistant strains. 
18 hour broth cultures from the stock single cell  smooth and variant strains 
were diluted in broth to 1/1,000,000.  1.5 cc. of this dilution was added to 150 
cc. of broth in Erlenmeyer flasks,  at 37 °.  Counts were made immediately, and 
thereafter  at hourly intervals,  for 10 hours.  Further  counts were made at  24 
hours, and 100 and 280 days.  The plating method was  employed for counting, 
and care taken to insure the type purity of each strain.  The results of this ex- 
periment are shown in Table I  and Text-figs.  1 and 2. 3 
These observations were made by Dr.  I. W. Pritchctt. i0.0 
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The figures (Table I) and curves (Text-figs.  1  and  2)  indicate  that 
the growth rates of single cell strains from smooth, mucoid, and rough 
type colonies are essentially identical. 
Thus  it  appears  that  in  morphology,  gross behavior,  and  growth 
rate,  young cells,  1 to  10 hours  old,  from  any of the  several colony 
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TExT-FIG. 2.  Growth of single cell cultures of B. enteritidis in broth.  Smooth. 
susceptible, mucoid-susceptible, and  rough-resistant strains. 
types studied, are indistinguishable.  The  next tests were planned to 
compare certain fundamental properties of mature cells 18 to 24 hours 
old, taken from different type colonies. 
Rate of Migration in an Electric Field. 
Cataphoresis  measurements  were  undertaken  to  compare  the  po- 
tentials of single cell bacilli obtained from smooth and variant colonies. 
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The Northrop type of cataphoresis ceil was employed and standardized accord- 
ing to his methods (4).  Readings were taken at 3/16,  7/16,  and  11/16  of the 
cell  depth,  using  both  directions  of  current.  The  current  was  regulated  to 
give a potential difference  in the ceil of 5 volts per cm.  From the formula, 
(83.33) 
--  X  14, 
No. of see. 
5 
the potential in millivolts was calculated.  18 hour growths of single cell cultures 
were used, and in the tests reported, washed four times in distilled water  and 
suspended in Northrop's buffer (5). 
TABLE  II. 
Rate of Migration of Cultures from Smooth and Variant Colonies. 
Source of culture 
Test 
SS  SR  MS  MR  RR 
sec.  m~l.  $cc.  my.  sec.  ~i~.  se~.  Tt~v.  sec.  ray. 
1  5.2  45.2  --  --  5.1  45.7  5.1  45.7  --  -- 
5.0  46.7 
2  5.6  41.8  5.7  40.9  ....  5.9  39.5 
SS  =  single  cell  culture  from smooth-susceptible colony;  SR  =  single  cell 
culture  from smooth-resistant colony; MS  =  single  cell  culture  from mucoid- 
susceptible  colony;  MR  =  single  cell  culture  from  mucoid-resistant  colony; 
RR  =  single ceil culture from rough-resistant colony. 
Table  II shows  the  results of two  tests.  The  migration  rate  and 
calculated  potential  of  cells  from different  colonies  were found to be 
similar.  Other  tests  on  unwashed  cells  and  washed  cells  suspended 
in distilled water, 0.85 per cent NaC1, or 1 per cent  phosphate affected 
the migration rate in the usual manner  (6), but brought out no differ- 
ences among the various cultures employed. 
Oxygen Absorption  (Determinations  by Dr. Hawkins). 
An  attempt  was  made  to  compare  the  respiration  rate  of  single 
cell  cultures  from  smooth  and  variant  colonies  by  measuring  the 
amount of oxygen absorbed by each under  conditions  of equilibrium. 876  MOUSE  TYPHOID  INFECTION.  III 
Technique.--Single  cell cultures from smooth and variant colonies were grown 
in broth  18  to 24 hours, and washed four times in Ringer's solution containing 
0.025  mols of sodium bicarbonate per liter.  Final suspensions were then made in 
Ringer-bicarbonate solution in such a way as to contain relatively the same number 
of bacilli per cc.  Bacterial counts were made before and after the tests to deter- 
mine the actual numbers of living organisms in each suspension.  The cultures 
were then given to  Dr.  James Hawkins  who determined the amount of oxygen 
absorbed by each culture.  3 
TABLE  III. 
Type  No. of bacteria in millions  C.mm. of 02 used per hr. 
per cc. of suspension  per 100,000,000  of bacteria 
SS  71  2.3 
45  2.3 
200  1.6 
SR  55  2.7 
426  1.7 
174  2.6 
RR  80  1.9 
727  1.0 
125  1.8 
MR  278  1.3 
218  2.6 
245  2.8 
MS  310  1.2 
400  1.3 
140  2.7 
SS  =  cells from smooth-susceptible colony; SR  =  cells from smooth-resistant 
colony; MS  =  cells  from mucoid-susceptible colony; MR  =  cells from mucoid- 
resistant colony; RR  =  cells from rough-resistant colony. 
The hydrogen ion concentration was adjusted to pH 7.6 by bubbling through the 
suspension a mixture of 5 per cent carbon dioxide and 95 per cent oxygen.  8 cc. 
3Full descriptions of Dr. Hawkin's technique are to be found in the following 
papers: Warburg, O., and  Minami, S., Klin. Woch., 1923, ii, 776.  Warburg, O., 
Negelein, E., and Posener, K., Klin. Woch., 1924, iii, 1062.  Warburg, O., Biochem. 
Z.,  1923,  cxlii, 317.  Minami,  S., Biochem. Z.,  1923,  cxlii, 334.  Warburg,  O., 
Biochem. Z., 1924, clii, 51.  Warburg, O., Posener, K., and Negelein, E., Biochem. 
Z., 1924, clii, 309.  Murphy, Jas. B., and Hawkins, J. A., J. Gen. Physiol.,  1925, 
viii, 115. LESLIE  T.  WEBSTER AND  CASPAR BURN"  877 
and 3 cc. portions of the suspension  were measured  accurately into a  Warburg 
type of cell.  5 cc. of this same Ringer's solution,  without bacteria,  was placed in 
another cell to act as a control for change in temperature  and barometric pressure. 
The cells were attached  to Barcroft manometers,  and after the residual air in the 
cells and manometers  had been swept out by the oxygen-carbon dioxide mixture, 
they were sealed.  The manometers were placed on a mechanical shaker with the 
cells immersed  in a  constant  temperature bath at 37.5  ° 4- 0.01°C. and shaken. 
The manometers, with the cells immersed in the constant temperature bath, were 
left for 15 minutes to allow them to come to equilibrium and were then read every 
15 minutes. 
The amount of oxygen  consumed by the  bacteria  is determined  in c.mm. per 
hour.  The results are shown in Table III. 
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TExT-FIG. 3.  Diagram showing theory of colony formation of B. enteritidi$. 
These figures  indicate  that the  oxygen absorption rate per unit of 
time per cell in suspensions from the typical smooth-susceptible colon- 
ies  and their mucoid and  rough variants is approximately the  same. 
Hence,  the  rate of respiration,  a  fundamental  cell property, may be 
considered uniform for the cells of the different type  colonies. 
The various observations thus far made were designed to bring out 
fundamental  differences  between  bacilli  from  smooth  and  variant 
colonies.  That  they  failed  to  do  so,  in  that  no  differences  in  (1) 878  ]~OUSE  TYPHOID  INFECTION.  III 
morphology, or  (2)  growth rate  were  noted in  young cells,  and  no 
differences in  (3)  potential, or  (4)  in respiration rate in mature cells, 
does not prove that young bacilli from each of the several colony types 
are essentially the same.  However, the tests do point in that direc- 
tion,  and  hence  confirm  the  theory  stated  in  the  preceding  paper. 
Accordingly, one may consider colony morphology as the gross appear- 
ance of a population of adult microbes fundamentally similar but modi- 
fied  by  certain  environmental  circumstances,  rather  than  as  the 
expression of any special genetic characters  common and  specific to 
each individual in the population.  Such a  view would predicate the 
genetic uniformity of young daughter  cells derived from individuals 
of  all  the  colony  types,  and  would  explain  colony modifications  as 
representative of acquired properties occurring during the lifetime of 
the  individual  bacilli,  in  response  to  certain  definite  environmental 
conditions (Text-fig. 3). 
Staining Characteristics. 
Notwithstanding this,  cells from  18  to  24  hour  growths  do  differ 
in  certain  properties  according to  the  colony type from which they 
originated.  One  of  these  differences is  in  staining  quality.  Bacilli 
from the mucoid-susceptible or resistant  colonies appear swollen and 
stain  poorly.  Capsules  may  be  demonstrated.  Bacilli  from  the 
rough-resistant  colonies  appear  small  and  shrunken.  The  bacterial 
cytoplasm appears  reduced  in  amount.  These  differences  are  seen 
very clearly when Wright's blood  stain is used. 
Differential Characteristics of Cells from "Susceptible"  and 
"Resistant" Colonies. 
Three  other  characteristics  distinguish  cells  from  susceptible 
and resistant  colonies:  namely,  (1)  their behavior in the presence of 
nutrient media containing bacteriophage;  (2)  their acid agglutination 
zone, and (3) their virulence. 
Cell Behavior  in the Presence of Bacteriophage.--Single  cell cultures 
derived  from  smooth-,  mucoid-,  and  rough-susceptible  colonies grow 
poorly or not  at  all on agar  containing 0.1  per cent or more specific 
bacteriophage,  while similar implants from resistant colonies, smooth, LESLIE  T.  WEBSTER  AND  CASPAR  BuRN  879 
mucoid, or rough, multiply luxuriantly and form type-specific resistant 
colonies.  These  differences  have  been  discussed  at  length  in  the 
previous paper (1, a). 
Differences  in Acid Agglutination.--The  second difference between 
resistant  and susceptible  colony cultures  is that  the  former flocculate 
in acid buffers at pH 3.8 to 4.2, while the latter remain  suspended. 
Technique.--18 hour single cell cultures from the stock agar slant were tested 
for type purity and washed four times in distilled water.  1 cc. of a  suitably 
diluted suspension was then added to 2 cc. of acid solutions of differing pH values. 
When Na acetate-acetic  acid buffers were used, suspensions from the resistant 
colony types (smooth, mucoid, and rough) flocculated at pH 2.5 to 4.0.  In Na 
lactate-lactic  acid buffers, they agglutinated  at pH 3.0 to 3.8, and in dilutions 
of hydrochloric acid at pH 3.8 and 4.0 (7).  Suspensions from susceptible colonies 
(smooth, mucoid, or rough) did not flocculate at any acid dilution  employed. 
LaCI.~, however, from dilutions of 1/20 to 1/20,480 agglutinated all cultures alike. 
Virulence  of Single Cell Cultures from Smooth-Susceptible  and  Vari- 
ant  Colony  Types.--Single  cell  cultures  from  bacteriophage-resistant 
colonies,  smooth,  mucoid,  and  rough,  proved markedly less virulent 
than  cultures  from  the  smooth-susceptible  colony strains.  The  de- 
tails of these experiments are contained in the following paper  (1,  b). 
Action  of Bacteriophage  on  Living,  Non-Multiplying Bacterial  Cells. 
That  the  bacilli  from  various  type  colonies resemble  one  another 
closely  in  their  fundamental  characteristics  and  yet  differ  in  acid 
agglutination,  virulence,  and  resistance  to  bacteriophage,  according 
to whether they come from susceptible or resistant  colonies,  suggests 
the possibility that  the  differences are  due to  an  adsorption  of bac- 
teriophage  on  the  surface of the resistant  bacilli.  Accordingly,  this 
phenomenon,  and  its  modifying effects would be  considered  as  the 
result of acquired, not of inherited,  alterations. 
Experiments  in  another  paper  (1,  b)  support  this  view  entirely. 
Furthermore, such a conclusion is in harmony with the latest studies on 
the mechanism of bacteriophage  action.  D'H6relle  (8),  and  all  late 
investigators  are of the  opinion  that  the  first step in  bacter!ophage 
action is a  surface binding of phage and  bacterial cell.  Still another 
series of studies on  the mechanism  of bacterial  agglutination  are ex- 880  MOUSE  TYPHOID  INFECTION.  III 
plained  by considering  flocculation  as  the  result  of a  specific  coating 
of bacteria by globulin  (9). 
We  have sought  further  information  as  to  (1)  whether  bacterial 
cells  do  adsorb  bacteriophage  and  (2)  whether  susceptible  cells  in 
contact with  bacteriophage  under  conditions  where  the  possibility  of 
multiplication  is reduced to a  minimum, do become altered to resemble 
cells from resistant colonies. 
The  technique  of the  tests was  so  arranged  as  to  reduce  as  far  as 
possible bacterial multiplication. 
18 hour growths of single cell cultures in broth were washed four times in dis- 
tilled  water.  0.8  per  cent NaCI gave  similar  results.  The washed  cells  were 
then suspended in various buffer solutions, glycocoll (5),  and 0.2 and 1 per cent 
phosphate.  When distilled water or 0.8 per cent NaC1 was used as the diluent, 
the pH of the  systems dropped  rapidly  to 6  or 6.6,  thus rendering the system 
unfavorable  for  the  test.  0.2  per  cent  phosphate  was  finally  employed as  a 
standard. 
The number of cells  per cc. was estimated by comparison with standardized 
suspensions and checked by actual counts on dilution plates.  The test suspen- 
sions with or without phage were then placed in the ice box at 4  ° from 4 to 144 
hours.  Preliminary  tests  and  direct  counts  showed  that  very  few  cells  were 
killed during the washing process, or during the first 24 hours in the ice box at 
4°C., provided the cells were suspended in a  concentration of not more than  109 
per cc. 
Specific  bacteriophage was prepared in broth in the usual way and added to 
the suspensions  in as small a volume as possible.  Subsequent determination of 
the amount of bacteriophage remaining in the solution was obtained by throw- 
ing down the cells,  removing the supematant,  heating it to 60  ° for 30 minutes, 
or  preferably  filtering  it  through  an  M  Berkefeld  candle.  Dilutions  of  the 
filtrate were then made from unit volume to 10  -9 in 5 cc. broth, and about 10,000 
bacilli  of an  18 hour  single  cell  culture  of the  smooth-susceptible  type  strain 
added to each.  The amount of growth in each tube at 37  ° was then  recorded 
at a definite interval of 6 to 10 hours after inoculation. 
Ceils  acted upon by bacteriophage at 4  ° were tested in several ways for com- 
parison  with  cells  from variant  type  colonies.  After being  removed from  the 
ice  box,  the  suspensions  were  centrifuged  and  the  cells  washed.  Oxygen  ab- 
sorption  rate,  potential,  and acid agglutination zones were determined,  as well 
as virulence.  The results  of these  several  tests  are given in Tables  IV to VI. 
Table  IV shows  the  results  of one  of a  number  of such  tests  with 
single cell strains from the typical smooth-susceptible  colonies.  Under 
these  conditions,  200,000,000  organisms per  cc. removed  all  bacterio- LESLIE  T.  WEBSTER  AND  CASPAR  BITRN  881 
phage from the solutions of 1/1000 and 1/100 concentration.  The 10 
per cent solution of bacteriophage  was  not  entirely  exhausted;  the 
TABLE  IV. 
Action of Bacteriophage on Suspensions of Non-Multiplying  Bacteria. 
Organisms  Count  per  co. 
2,000,000  after 4~C.,  18 
per cc. 
2/16/26  hrs. 
Organisms  180,000,000 
plus 
bouillon 
control 
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Organisms  200,000,000 
plus 
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Organisms  115,000,000 
plus 
phage 
1/lo 
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phage 
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1/looo 
Amount of phage remaining in supernatant 
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supernatant, when filtered, definitely inhibited the growth of the test 
strain.  Organisms in  a  solution  containing phage  in  a  dilution of 
1/1000  and 1/100  did not agglutinate,  while  those  in a  10 per cent 882 
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solution flocculated at  the  same  pH,  3.8  to  4.2,  as  do  bacilli  from 
phage-resistant  variant  colonies.  A  number  of  these  tests  under 
slightly differing conditions gave similar results. 
Subsequently the ratio of organisms to  quantity of bacteriophage 
was Varied and the test repeated.  The tests indicated that the ratio 
of number of organisms to amount of bacteriophage taken out of the 
solution is relatively constant and hence that in all probability, each 
bacillus takes up a certain and definite amount of the lyric substance. 
Table V  compares the activity of living and dead bacilli.  A single 
cell culture of smooth-susceptible colony type bacilli was used, washed 
four  times  in  distilled  water,  and  divided into  two  portions.  One 
was heated to 75°C. for 1 hour.  Evidently dead bacilli take up  bac- 
teriophage from the solution, but to a less degree.  Probably, however, 
there exists a definite quantitative relation as in the case of the living 
organisms.  Furthermore, dead  bacilli  are  not  agglutinated in  acid 
solution unless placed in contact with the bacteriophage.  When so 
treated, however, they flocculate at pH 3.8 to 4.2,  as do living cells 
of  the  same  sort  and  cells  from  bacteriophage-resistant  variant 
colonies. 
Oxygen absorption and potential measurements were made on  sus- 
pensions of washed cells in contact with bacteriophage at 4°C.  They 
were found to take up the same amount of oxygen per unit of time 
and to migrate at the same rate in the electric field as control suspen- 
sions and cells from any of the various type colonies.  Hence bacterio- 
phage in  contact with living  smooth-susceptible cells in  the resting 
state, as well as cells from variant colony types, did not affect these 
fundamental physiological properties. 
Changes  in  virulence were  determined by  the  usual  procedures. 
Washed  cultures in  contact with bacteriophage  at  4°C.  were  later 
washed again and gi~cen to mice intraperitoneally and per os.  Similar 
suspensions  without  the  addition  of  phage  were  used  as  controls. 
Not only were the former suspensions of low pathogenicity, but they 
failed to multiply in the body of the host and disappeared rapidly in a 
manner precisely similar to  single cell cultures from phage-resistant 
variant colonies.  That this was not due to lysis was made certain 
by the behavior of broth and agar plate transfers.  The details of this 
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The fact that cells from smooth-susceptible colonies may be treated 
with phage  under conditions where  the possibility  of  cell multiplica- 
tion is reduced to a  minimum and changed so  that they behave  in  a 
way precisely similar to  cells taken  directly from  the  bacteriophage- 
TABLE VI. 
Action  of Bacteriophage on Suspensions of Non-Multiplying  Cells from 
Bacteriophage-Resistant Colony Types. 
Organisms No. per  cc. 
SR (ns,ooo,ooo) 
sR 
plus phage 1/100 
SR  (115,000,000) 
plus phage 1/1000 
MR (94,000,000) 
MR  (94,000,000) 
plus phage 1/100 
MR  (94,000,000) 
plus phage 1/1000 
RR (120,000,000) 
RR  (120,000,000) 
plus phage 1/100 
RR  (120,000,000) 
plus phage 1/1000 
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resistant  variant  colonies  is  considered  by  us  as  evidence  that  this 
type of change is purely an environmental phenomenon, and  that  the 
particular bacteriophage  action is  a  surface  adsorption  process simi- 
lar to that of agglutinins  adhering  to  the surface of their specific bac- 
terial cell.  If this view is  correct, one would  expect cells  from  bac- LESLIE  T.  WEBSTER  AND  CASPAR  BURN  885 
teriophage-resistant colonies to adsorb no further bacteriophage under 
similar conditions, and to remain unaltered. 
Table VI summarizes the results of a  test in which cell suspensions 
from  smooth-,  mucoid-,  and  rough-resistant  colonies  were  treated 
with bacteriophage as in the previous tests.  None of them removed 
any noticeable quantity of phage from the solutions, and none of them 
showed alterations in acid agglutination zone. 
DISCUSSION. 
The above experiments are a  continuation of those reported in the 
preceding paper,  the purpose of which has been to  secure a  better 
understanding of the mechanism of colony transformation and of the 
part it plays in determining the spread of mouse  typhoid.  The ob- 
servations on colony variation, although somewhat irregular, indicate 
that type of colony depends upon environmental rather than heredi- 
tary factors.  This point of view is supported by the present studies on 
bacterial cells taken directly from different type colonies, and by the 
fact that living bacteria from the typical smooth colonies,  placed in 
contact with bacteriophage under conditions where cell multiplication 
was restrained, are altered so as to resemble the bacterial cells from 
the variant bacteriophage-resisting colonies. 
To consider the transformation process to mucoid and rough vari- 
ant colonies as one of environmental degradation, and the reversion 
to smooth type as mere accumulation of daughter cells in the absence 
of  such  environment, does not  explain  bacterial  transformation in 
the hemorrhagic septicemic group of organisms.  Here  the  process 
seems  non-reversible,  and  cells  from variant  colonies are  found  to 
differ markedly in fundamental properties (1, c).  We put forward the 
view  stated  merely as a  working hypothesis, and as best explaining 
at the present time the facts at hand relating to the transformation of 
organisms of the mouse typhoid B.  enteritidis group. 
CONCLUSIONS. 
1.  During early stages of multiplication,  single cells from smooth-, 
mucoid-, and rough-susceptible and variant  colonies show no  differ- 
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2.  Cells from 18 to 24 hour single cell cultures of these various colony 
types possess similar oxygen absorption and cataphoretic  migratory 
rates.  In staining property, the cells  from mucoid colonies appear 
larger,  and those from rough colonies smaller, than the typical  cells 
from smooth-susceptible colonies. 
3.  Cells  from  bacteriophage-resistant  colonies  differ  from  those 
of  bacteriophage-susceptible  colonies  in  their  ability  to  multiply 
luxuriantly in the presence of bacteriophage, and in their tendency to 
flocculate in acid solutions at pH 3.8 to 4.1, as well as in their low degree 
of virulence. 
4.  Cells from smooth bacteriophage-susceptible colonies in contact 
with bacteriophage under conditions where multiplication is restrained 
may be altered so as  to  resemble the cells  from the bacteriophage- 
resistant colonies. 
5.  These facts furnish evidence that bacteriophage adheres to the 
surface of the bacterial cell and that the various cell changes and colony 
alterations are of an environmental rather than genetic nature. 
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